Objective-To examine the incidence of invasive cervical cancer per 100000 women years at risk and relative risk according to screening history among eligible women aged 25-69 in Southampton and South West Hampshire during the three years after completion of the first round of comprehensive screening. Results-There was a significantly higher incidence of invasive cervical cancer in women who had not been screened during the preceding 0.5-5.5 years than in those who had been screened (relative risk (RR) 2.6; 95% confidence interval (CI) 1.6 to 4.3). Among the latter group of women (with interval cancers) there was a significantly higher incidence in those with a long interval of 3.5-5.5 years since their most recent smear than in those with a short interval of 0.5-3.5 years (RR 2.2; 95% CI 1.3 to 3.8). Among women with non-interval cancers, there was a significantly higher incidence among those who had no cytology record than among those who had been screened but were overdue for a smear (RR 3.0; 95% CI 1.2 to 7.3). When screen detected cancers were excluded from the figures the relative risks for all the comparative groups described above were greater, though the 95% confidence limits were wider because the numbers were smaller. The most pronounced difference in incidence was between symptomatic cancers in women with a short screening interval (5.8 per 100000 women years at risk) and in women with no cytology record (71.3 per 100 000 years at risk).
Abstract
Objective-To examine the incidence of invasive cervical cancer per 100000 women years at risk and relative risk according to screening history among eligible women aged 25-69 in Southampton and South West Hampshire during the three years after completion of the first round of comprehensive screening. Results-There was a significantly higher incidence of invasive cervical cancer in women who had not been screened during the preceding 0.5-5.5 years than in those who had been screened (relative risk (RR) 2.6; 95% confidence interval (CI) 1.6 to 4.3). Among the latter group of women (with interval cancers) there was a significantly higher incidence in those with a long interval of 3.5-5.5 years since their most recent smear than in those with a short interval of 0.5-3.5 years (RR 2.2; 95% CI 1.3 to 3.8). Among women with non-interval cancers, there was a significantly higher incidence among those who had no cytology record than among those who had been screened but were overdue for a smear (RR 3.0; 95% CI 1.2 to 7.3). When screen detected cancers were excluded from the figures the relative risks for all the comparative groups described above were greater, though the 95% confidence limits were wider because the numbers were smaller. The most pronounced difference in incidence was between symptomatic cancers in women with a short screening interval (5.8 per 100000 women years at risk) and in women with no cytology record (71.3 per 100 000 years at risk).
Most cancers were interval cancers (76%) because of the high screening coverage: 89.2% of eligible women aged 25-69 had been screened during the preceding 0.5-5.5 years. The overall incidence per 100 000 women years at risk approached that of interval cancers, and was nearer to that observed in the short than the long interval because 74.7% of women had been screened within 3.5 years. Conclusion-The results confirm the effectiveness of screening but suggest that a five year screening interval may be too long, at least during the early rounds of screening.
The effectiveness of cervical screening has been demonstrated in many countries in the world by case-control studies of women with and without cancer and by comparison of the incidence of invasive cervical cancer in screened and unscreened women. I 2 Many studies/ including two recent reports from the United Kingdom since the introduction of comprehensive screening: 5 have shown that protection from invasive disease decreases with the time since the latest negative smear test. Screening in Nordic countries has been highly successful with intervals varying between two and five years." Although the lowest incidence is recorded in Finland, which has a programme starting at age 30 with recall after five years, more than half the smears are taken outside the recommended recall interval, as is also said to be the case in other Nordic countries"
Until the 1980s much of the screening in the United Kingdom was opportunistic and the incidence rate was one of the highest in Europe.' A comprehensive screening programme was implemented throughout England in 1988, which has resulted in a progressive fall in mortality from cervical cancer since 1991. 8 As yet there has been no reported fall in the incidence of invasive cancer; but national figures are not available for the 1990s. The National Health Service cervical screening programme recommends a maximum screening interval of five years" but in practice, as in the Nordic countries, there is considerable variation in the screening interval. In many districts, including Southampton and South West Hampshire, recall by the central family health service authority (FHSA) is at five years, though most general practitioners recall their patients earlier. In some districts, again including Southampton and South West Hampshire, three-yearly family health service authority recall is recommended by gynaecologists and the laboratories for women with a history of dyskaryosis or treatment of cervical intraepithelial neoplasia (CIN). In Southampton and South West Hampshire this accounts for about 10% of tests, in addition to the initial annual follow up smears (local unpublished data).
Since invitations for screening and cytology records were centralised, data on screening coverage within 3.5 and 5.5 years have been available from FHSAs for individual districts throughout England from analysis of Korner returns collected nationally," which allows a direct comparison of the incidence of invasive cancer in women screened within those intervals. This study covers the first three years after completion of the first round of comprehensive screening, which was also the first time in which FHSA cervical cytology records were complete for Southampton and South West Hampshire. A previous study covering the three consecutive three year periods before, during, and after the introduction of call and recall showed a significant downstaging of invasive cancer in the screening age groups but no significant fall in incidence per 100000 women of all ages." The third period of the study, in which the incidence of invasive cancer was 15.1 per 100 000 women of all ages, with a high prevalence of screen detected and microinvasive cancer, forms the basis of this report.
Population, subjects, and methods

POPULATION
The population comprised the total female population of Southampton and South West Hampshire in 1992 (the midpoint of the study,) estimated as 221 026 by the Office of Population Censuses and Surveys. 13 
STUDY GROUPS AND CALCULATION OF WOMEN
YEARS AT RISK
The study group of women at risk comprised 116022 women aged 25-69, registered with general practitioners in Southampton and South West Hampshire and eligible for screening-that is, excluding those who had had hysterectomies for unrelated disease. Subjects were divided into four screening groups on the basis of the interval since their most recent cervical smear, based on the average of Korner statistical (KC53) returns for the years 1991-92 and 1993-94. These returns provide yearly figures, in five-year age bands, of total women registered, removed from recall, with no cytology record, screened within 5.5 years, and screened within 3.5 years." The four study groups were defined as follows: (a) a short interval group, comprising women screened within 3.5 years as recorded on KC53; (b) a long interval group, consisting of women screened within an interval of 3.5-5.5 years, calculated by subtracting those screened within 3.5 years from those screened within 5.5 years: the long and short interval groups combined formed the baseline for women with interval cancers; (c) an overdue group, consisting of women who had a cytology record but had not been screened 141 within 5.5 years, calculated by subtracting the sum of the numbers screened within 5.5 years, those withdrawn from recall, and those with no cytology record from the total number of women registered; the overdue group includes women with unrepeated inadequate smears, estimated from laboratory follow up records as about 1%; (d) a group with no cytology record taken directly from the KC53 data. Cancers occurring in women in the overdue and no cytology record groups combined are referred to as non-interval cancers.
FHSA registrations at that time were based on general practitioner rather than patient post codes and were slightly higher, in all age and sex groups, than Office of Population Censuses and Surveys estimates. Thus the figures for incidence are not identical with those based on Office of Population Censuses and Surveys estimates, and, additionally, are confined to women in the screening age group who were eligible for screening during the preceding five years.
Because screening coverage is known to vary with age the screening groups were divided into three 15 year age bands of women aged 25-69 to allow the effect of age on differences in incidence in the screening groups to be assessed (table 1) . Women years at risk were calculated for each age band and screening group by taking the average registrations for 1991-92 and 1993-94.
CASES OF INVASIVE CERVICAL CANCER
The study cases of invasive cervical cancer comprised 83 cancers diagnosed during three years, 1991-93, in women aged 25-69 resident in Southampton and South West Hampshire (18 cases diagnosed during the same period of time in woman aged 70 and over and one in a woman aged less than 25 are excluded from the study). Cases were obtained from local cancer registry data, histology records at Southampton General Hospital, Wessex radiotherapy and oncology units, and records from adjacent district general hospitals and local private hospitals."
STAGE AND HISTOLOGICAL TYPE OF CANCERS
The study group comprised 57 squamous cell carcinomas, 21 adenocarcinomas, and five adenosquamous carcinomas. Twenty nine cancers (21 squamous cell and eight adenocarcinomas) were diagnosed at a depth of invasion less than 3 mm and lateral extension less than 7 mm (35% of cancers). Sixty of the 83 cancers (72%) were diagnosed at stage I.
MODE OF PRESENTATION
Cases of invasive cancer were categorised as screen detected if the cancer was found as a direct result of a routine screening test. Symptomatic cancers were found as a result of investigation of symptoms. Criteria for establishing mode of presentation have been described in a previous study," Forty three (52%) of the 83 cancers were screen detected. Age at diagnosis
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years (interval cancer) ,.
SCREENING HISTORIES OF WOMEN WITH CANCER
Screening histories were defined using FHSA and laboratory records. Smears taken as part of the investigation of symptoms were excluded from the screening histories, as were abnormal smears recommending referral that resulted in diagnosis within six months (referral smears in screen detected cases). Women with cancer who had been screened within 0.5-5.5 years conform to the NHS cervical screening programme criteria for interval cancers and include 32 women with negative smears and 31 who had had abnormal smears, with reports either recommending early repeat or referral. 14 In the latter group there had either been a delay of more than six months between 
Results
INCIDENCE OF INVASIVE CANCER
Wbmen screened and not screened during the preceding 0.5-5.5 years The incidence per 100 000 women years at risk was 53.2 for women who had not been screened during the preceding round of screening (non-interval cancers) compared with 20.3 for those who had been screened (interval cancers), giving a relative risk of2.622 (95% confidence interval 1.586 to 4.334). When screen detected cancers were excluded the difference was 37.2 compared with 8.4, giving a relative risk of 4.447 (95% confidence interval 2.323 to 8.514). The difference in incidence of interval and non-interval cancers was reversed for women aged less than 40 and there was no difference when screen detected cancers were excluded. Because of the high screening coverage the overall incidence of cancer in women aged 25-69 was closer to the incidence of interval than non-interval cancers (table 3) .
There was a peak in the incidence of cancer in women aged 40-54 except for symptomatic interval cancers, which increased slightly with age (fig 1) . the referral smear and diagnosis or cancer had developed after treatment of CIN. Three women with negative smears were being followed up after treatment of CIN carried out more than 5.5 years before (table 2) . Seventy per cent of cancers (31 of 44) in the short interval group were in women with a history of abnormal smears or treatment of CIN and included more than half of the screen detected cancers in the study.
Screened women (interval cancers) with long and short intervals since their latest smear
The incidence per 100 000 women years at risk was 37.6 in the long interval group compared with 16.9 in the short, giving a relative risk of 2.223 (95% confidence interval 1.298 to 3.806). When screen detected cancers were excluded, the difference was 21. 8 Table 4 Incidence per 100 0000 women years at risk in the four screening groups confidence interval 1.734 to 8.217). In both instances the difference was greatest in the youngest age band. Because most of the women had been screened within 3.5 years the overall incidence of interval cancers was closer to the incidence for the short than the long interval (table 4 ). Figure 2 shows the incidence of interval cancers in women with long and short intervals since their latest smear.
WOmen overdue for screening compared with those with no cytology record Even though the numbers were small there was a significant difference between the incidence of cancer in women with no cytology record compared with those overdue for screening, giving a relative risk of 2.970 (95% confidence interval 1.215 to 7.260). The former group had an incidence of 95.1 per 100 000 women years at risk for all cancers and 71.3 when screen detected cancers were excluded. incidence in the overdue group was 32.0 for all cancers and 20.0 when screen detected cancers * The number of symptomatic cancers is shown in parentheses. were excluded, which was similar to the long interval group (37.6 and 21.8 respectively). In all groups of women with non-interval cancers there was a peak incidence among women aged 40-54. There was only one non-interval cancer among women aged 25-39. Figure 3 shows the difference in incidence of invasive cancer in the four screening groups.
Discussion
This three year study of a single district confirms the effectiveness of cervical screening and relates the incidence of invasive cancer to the screening interval. Although there was a significantly lower incidence per 100 000 women years at risk of interval compared with non-interval cancers, the greatest difference was seen between women screened within 3.5 years compared with those with no cytology record. The low incidence in women screened within 3.5 years is particularly interesting in that this group includes "high risk" women with a history of dyskaryosis or treatment of eIN. There was no difference in those screened after a long interval (3.5-5.5 years) and those who were overdue for screening. Our results are similar to those of previous studies, which showed that protection from invasive cancer was inversely related to the interval since the most recent smear'? and which reported a sharp increase in odds ratio for invasive cancer four to five years after a negative smear.' Although the official FHSA recall interval in Southampton and South West Hampshire is five years, most general practitioners chose to recall their patients earlier, as a result of which 74.7% of eligible women aged 25--69 had been screened within 3.5 years. Because such a high proportion of women had been recalled early, the overall incidence per 100 000 women years at risk in the study group was closer to that of the short than the long interval. National figures collected through Korner returns show that percentages of women screened within 3.5 years are similar for Southampton and England as a whole, sug-0.0 (0.0) 289. 3 gesting that the situation nationally may be similar." These findings support the British Society for Clinical Cytology statement that three year screening should be encouraged" and suggest that it would be unwise to restrict screening to a five year interval. The data have been calculated for three 15 year age bands within the screening age group to ensure that the differences between the long and short interval were not related to younger women being more likely to be screened at a shorter interval. There is no evidence to suggest that was the case: indeed the differences for all cancers and symptomatic cancers were greatest for the youngest age group, though numbers of cancers were too small for the trends to be significant. The data have been analysed with and without screen detected cancers, because the latter represent a successful outcome of the programme and include low stage cancers with a good prognosis, particularly those diagnosed at less than 3 mm depth of invasion. For all comparative groups: non-interval v interval cancers, long v short interval, no cytology record v overdue for recall, the relative risks were greater when screen detected cancers were excluded, though the confidence limits were naturally wider.
Studies of cervical cancer in the Nordic countries have shown that incidence and mortality are reduced when screening is centrally organised and that screening coverage is probably more important than screening interval. Nevertheless, as in England, many smears are taken before the official screening interval.' Probably, the screening interval is more important in early rounds of screening as the incidence of cancer falls after three or more negative smears have been recorded. I,.,7 Even in the USA, where annual screening is recommended, it is recognised that a longer interval should be adequate after three negative smears.' In our study the difference in incidence between the long and short interval tended to fall with age, suggesting that it may be more critical when fewer smears have been taken. Although full screening histories were available for all women with cancer, there were no baseline data for numbers of smears recorded for women in the different screening groups. Now that 89% of eligible women aged have been screened, it is to be expected that most cancers in the screening age group will be interval cancers. The relative proportion of interval cancers increases in proportion to the screening coverage of women at risk~'" and would reach 100% if all women were screened. In this study 76% of cancers were interval cancers. Because of the high screening coverage the overall incidence of cancer in the screening age group was similar to that of interval cancers, making the latter the critical measure of the effectiveness of screening.
It should be recognised that the relative proportion of interval cancers depends on the recommended screening interval and whether or not screen detected cancers, micro invasive cancers, and adenocarcinomas are included. In a New York State study of eligible women aged 20-69 46% of all histological types of cancer were in women who had had one smear within three years.I. In Aberdeen 29% of women had been screened within five years, but adenocarcinomas were excluded and women of all ages included.' Sasieni et al report 70% and 58% of micro invasive and fully invasive cancers, respectively, occurring in women screened between six months and five years before diagnosis, using the same age group and definitions as our study, whose cases were included in the former study.' We believe that the high proportion of interval cancers in our study relates to the fact that Southampton and South West Hampshire were one of the last districts to introduce call and recall, towards the end of September 1987. A high prevalence of undiagnosed cancer and CIN is to be expected in early rounds of comprehensive screening.
The highest incidence of cancer was seen in the 3.6% of women who had no record of a smear. Most of these cancers were symptomatic, and therefore more likely to be diagnosed at a later stage and to carry a worse prognosis than screen detected ones." The relatively low incidence in women who were overdue for a smear, which lowered the overall incidence of non-interval cancers, may be explained by the inclusion in that group of women who had been treated for CIN in the past.
This study confirms the effectiveness of cervical screening but shows that the overall incidence of invasive cancer in the screening age group has now approximated that of interval cancers because screening coverage is so high. At least in early rounds of screening, the incidence of interval cancers depends on the length of the screening interval, and might have been significantly higher if screening had been restricted to the five year FHSA recall interval.
